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Cannibalization of an amphibole-rich andesitic progenitor induced by caldera-collapse 
during the Matahina eruption: Evidence from amphibole compositions

Chad D. Deering*

Department of Geological Sciences, University of Canterbury, PB 4800, Christchurch 8020, New Zealand

Abstract

The diverse range of calcic-amphibole compositions in eruptive products from the ca. 330 ka 
Matahina eruption (ca. 160 km3 rhyolitic magma) of the Okataina Volcanic Complex, Taupo Vol-
canic Zone, including crystal-rich basalt-dacite pumice from post-collapse deposits, reveals several 
pre- and syn-eruption magmatic processes. (1) Amphibole phenocrysts in the basaltic-andesite and 
andesite crystallized at the highest pressures and temperatures (P to 0.6 ± 0.06 GPa and T to 950 °C), 
equivalent to mid-crustal depths (13–22 km). Inter- and intra-crystalline compositions range from Ti-
magnesiohastingsite → Ti-tschermakite → tschermakite → magnesiohornblende and some display 
gradual decreases in T from core to rim, both consistent with magma differentiation by cooling at 
depth. (2) The largest amphibole crystals from the basaltic-andesite to andesite display several core 
to rim increases in T (to 70 °C), indicating that new, hotter magma periodically fluxed the crystal 
mush. (3) The dominant population of rhyolite amphibole is small and bladed (magnesiohornblende) 
and crystallized at low P-T conditions (P = 0.3 GPa, T = 765 °C), equivalent to the eruptive P-T 
conditions. Dacitic and low-silica rhyolitic amphibole (tschermakite-magnesiohornblende) form 
two distinct populations, which nucleated at two different T (high: 820 °C and low: 750 °C). These 
compositional variations, governed primarily by differences in T conditions during crystal growth, 
record the mixing of two distinct amphibole populations that approached a thermal equilibrium at 
the eruptive temperature. Therefore, the diversity in amphibole compositions can be reconciled as an 
exchange of crystals + liquid between the basaltic-andesite to dacite from the mid-crust and rhyolite 
from the upper crust, which quenched against one another, modifying the dacite to low-silica rhyolite 
compositions as the eruption progressed.
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Introduction

Determining the processes involved in the generation of si-
licic (>65 wt%) magmas has been a topic of debate for igneous 
petrologists (for review see: de Silva et al. 2007). In general, two 
mechanisms have been proposed for the generation of rhyolites 
in the Taupo Volcanic Zone (TVZ), New Zealand: (1) partial 
melting of crustal material (e.g., greywacke, intermediate igneous 
rock), although simple anatexis of continental crust has been pre-
cluded based on radiogenic isotopes, varying contributions (up to 
25%) have been invoked (e.g., McCulloch et al. 1994); and (2) 
fractional crystallization from a mafic parent (McCulloch et al. 
1994; Graham et al. 1995; Price et al. 2005; Deering et al. 2008). 
Importantly, Deering et al. (2008) concluded, based on bulk-rock 
trace element patterns of the TVZ rhyolites, that amphibole was 
an important phase crystallizing in the parent magma.

Few amphibole-rich basalt-andesite eruptions are recorded 
globally (Cerro la Pilita basalt, Western Mexico, Luhr and Car-
michael 1985; Montserrat andesite, Rutherford and Devine 2003; 
Huerto andesite, Parat et al. 2008). The importance of their role 
in generating large silicic magma bodies, as well as their role in 
providing a mechanism for the remobilization of more evolved 
magma via gas sparging, has recently been proposed (Sisson 
and Bacon 1999; Bachmann and Bergantz 2004). Therefore, 

crystal “mushes” presumably represent the root zone of a magma 
reservoir or a zone of accumulation and are rarely erupted to the 
surface as primary magmas. 

Post-collapse deposits associated with eruption of the volu-
minous (~250 km3) Matahina ignimbrite are basaltic-rhyolitic 
in composition and represent the incorporation of exotic magma 
types in the late stages of the eruption (Deering et al. 2008). 
These deposits include a suite of crystal-rich (up to 50 vol%), 
hornblende-bearing mafic pumice and a felsic biotite-bearing 
pumice. The foundering of the overlying crust during this event 
is hypothesized to have induced chaotic mixing in the chamber 
(e.g., Kennedy et al. 2008), thereby assisting in the withdrawal 
of comparatively small volumes of these magmas.

This paper presents a detailed evaluation of the temperature 
and pressure evolution and interaction of a complex suite of 
magmas, some of which are thought to represent the active, and 
very productive, mushy accumulation and ascent zone beneath 
the Taupo Volcanic Zone where rhyolitic magmas are produced 
(Deering et al. 2008). Chemical variations along amphibole 
traverses provide clues to the complex relationship among the 
diverse magma compositions, both from the main rhyolitic 
magma body and the basalt-dacite exhumed in the late stages 
of the Matahina eruption (post-caldera collapse). Amphibole 
chemistry is well suited for evaluating the evolution of this 
magmatic system due to the early appearance of amphibole on * E-mail: cdd21@student.canterbury.ac.nz


